Research suggests that schizotypal personality disorder (SPD) is a part of the spectrum of schizophreniarelated illnesses. This article hypothesizes that a deficit in the representation and maintenance of context is a core cognitive disturbance in schizophrenia and that SPD individuals should demonstrate contextprocessing deficits. To test this hypothesis, the authors administered 3 versions of their AX-CPT task, designed to assess context processing, to 35 healthy controls and 26 individuals with DSM-IV SPD. They also administered working memory and selective attention tasks. SPD individuals displayed context representation deficits similar to those found in schizophrenia but did not show the same additional deficits in context maintenance. Context processing was strongly associated with working memory and selective attention performance in the SPD individuals.
A large body of research suggests that the signs and symptoms of schizotypal personality disorder (SPD) form part of the spectrum of schizophrenia-related illnesses (Siever, Kalus, & Keefe, 1993) . A growing number of studies have been examining the types of cognitive deficits displayed by individuals with SPD. If individuals with SPD show cognitive deficits similar to those shown by individuals with schizophrenia, then this provides evidence consistent with the hypothesis that SPD is part of the spectrum of schizophrenia-related disorders. In our prior work on schizophrenia (Barch et al., 2001; Braver, Barch, & Cohen, 1999; Cohen, Barch, Carter, & Servan-Schreiber, 1999; , we have put forth the hypothesis that one of the core cognitive disturbances in schizophrenia is a deficit in the ability to represent and maintain context information, which may contribute to a number of the cognitive abnormalities found in this illness. Further, we have suggested that a disturbance in dopamine function in the dorsolateral prefrontal cortex (DLPFC) is a critical neurobiological contributor to context-processing deficits in schizophrenia. Therefore, we hypothesize that if SPD is part of the spectrum of schizophreniarelated illnesses, then individuals with SPD should show deficits in context processing that are similar to those shown by individuals with schizophrenia. The goal of the current study is to test this hypothesis in a sample of individuals with SPD and a sample of healthy controls, using tasks specifically designed to selectively measure context processing.
A variety of lines of evidence suggest that SPD is part of the spectrum of schizophrenia-related illness (Siever et al., 1993) . For example, the relatives of individuals with schizophrenia show increased rates of SPD (Asarnow et al., 2001; Baron, Gruen, Asnis, & Kane, 1983; Baron et al., 1985; Clementz, Cerri, Medus, & Iacono, 1991; Frangos, Athanassenas, Tsitourides, Katsanou, & Alexandrakou, 1985; Gershon et al., 1988; Kendler, 1988; Kendler & Gruenberg, 1984; Kendler, Gruenberg, & Strauss, 1981; Kendler et al., 1991; Kety, 1987 Kety, , 1988 Lowing, Mirsky, & Pereira, 1983; Maier, Lichtermann, Minges, & Heun, 1994; Onstad, Skre, Edvardsen, Togersen, & Kringlen, 1991; Siever et al., 1990) . In addition, the relatives of individuals with SPD are at a heightened risk for the development of both schizophrenia and SPD (Battaglia et al., 1991; Schultz, Schultz, & Goldberg, 1986; Siever et al., 1990; Thaker, Adami, Moran, Lahti, & Cassady, 1993) . Further, individuals with SPD show a number of the same neurobiological deficits as are found in schizophrenia (Siever, 1995; Siever et al., 2002) , as well as similar cognitive deficits. For example, individuals with SPD demonstrate deficits on working memory tasks (Farmer et al., 2000; Mitropoulou et al., 2002; Park, Holzman, & Lenzenweger, 1995; Park & McTigue, 1997; Roitman et al., 2000) as well as other measures of executive function, such as the Wisconsin Card Sorting Test (Heaton, 1981) , fluency, and dualtask processing (Diforio, Walker, & Kestler, 2000; Moriarty, Harvey, Granholm, Mitropoulou, & Siever, 2003; Raine et al., 2002; Trestman et al., 1995) , which are cognitive deficits consistently found in schizophrenia (Park & Holzman, 1992) .
Individuals with SPD also show deficits in sustained/focused attention tasks (Chen et al., 1998; Harvey et al., 1996) , including the degraded stimulus continuous performance test (CPT; Raine et al., 2002) , dual-task information processing (Moriarty et al., 2003) and the CPT-Identical Pairs (Roitman et al., 1997) , as do individuals with schizophrenia and their nonaffected relatives (Cornblatt & Keilp, 1994; Nuechterlein et al., 1998) . There is also evidence that individuals with SPD have deficits in episodic memory (Bergman et al., 1998; Voglmaier et al., 2000; Voglmaier, Seidman, Salisbury, & McCarley, 1997) and inhibition (Beech, Baylis, Smithson, & Claridge, 1989; Moritz & Mass, 1997; Trestman et al., 1995) , disturbances also found in schizophrenia (Barch & Carter, 1998; Barch, Carter, Hachten, & Cohen, 1999; Gold, Randolph, Carpenter, Goldberg, & Weinberger, 1992; Saykin et al., 1991) . Of interest, individuals with psychometrically ascertained components of schizotypy (as opposed to those who meet a diagnosis of SPD according to the Diagnostic and Statistical Manual of Mental Disorders; 4th ed.; DSM-IV; American Psychiatric Association, 1994) also show deficits in a number of the same cognitive domains known to be impaired in schizophrenia (e.g., Beech et al., 1989; Braunstein-Bercovitz & Lubow, 1998; Gooding, Kwapil, & Tallent, 1999; Gooding & Tallent, 2003; Gooding, Tallent, & Hegyi, 2001; Kopp, Wolff, Hruska, & Reischies, 2002; Lenzenweger, 2001; Lenzenweger & Gold, 2000; Park et al., 1995; Park, Lenzenweger, Puschel, & Holzman, 1996; Park & McTigue, 1997; Yee & Miller, 1994) . Taken together, such findings provide support for the hypothesis that individuals with SPD share some of the same deficits in cognition and brain function as are found in schizophrenia. Therefore, studying individuals with SPD may help us to understand the mechanisms that contribute to liability for schizophrenia, without the confounding factors often present when researchers study individuals with schizophrenia itself (e.g., longterm medication, repeated hospitalization, chronicity).
In prior work, Cohen and colleagues (Barch et al., 2001; Cohen et al., 1999; have put forth the hypothesis that a disturbance in the processing of context is responsible for a range of cognitive deficits in schizophrenia. We have defined context as prior task-relevant information that is represented in such a form that it can bias selection of the appropriate behavioral response. Such context representations can include task instructions, a specific prior stimulus, or the result of processing a sequence of prior stimuli (e.g., the interpretation that results from processing a sequence of words in a sentence). This work on context processing has led Cohen and colleagues to suggest that three cognitive functions that are often treated as independent-attention, active memory, and inhibition-are all influenced by a single mechanism responsible for the processing of context. Therefore, Cohen and colleagues have argued that disturbances in attention, working memory, and inhibition in schizophrenia can all be understood in terms of a deficit in context processing (Barch et al., 2001; Cohen et al., 1999; . It is of note that context processing and working memory are not completely independent constructs. However, the context-processing hypothesis states that there is something important about the manipulation that one needs to compute on identity information to abstract its contextual meaning and that the maintenance of such contextual information elicits deficits among patients with schizophrenia. Thus, individuals with schizophrenia and SPD tend to show few deficits on working memory tasks with a low memory load if they do not have to determine the context meaning of the items . In contrast, our prior research has shown that individuals with schizophrenia show deficits in the maintenance of even small amounts of context information (Barch, Carter, & Cohen, 2003) .
A task that has been used to examine the context-processing hypothesis in a number of previous studies is a version of the classic Continuous Performance Test (Rosvold, Mirsky, Sarason, Bransome, & Beck, 1956 ) known as the AX-Continuous Processing Task (AX-CPT; Cohen et al., 1999; Servan-Schreiber, Cohen, & Steingard, 1996) . Participants are presented with cue-probe pairs and told to make a target response to an X (probe), but only when it follows an A (cue), and to make a nontarget response otherwise. A correct response to X depends on the participant maintaining the context provided by the cue (A or not A). Target (AX) trials occur with high frequency (70%), which creates two biases. The first bias is that participants expect to make a target response when they see an X probe, as this is the correct response on most of the trials. On BX trials (B refers to any non-A cue), participants have to use the context provided by the B cue to inhibit this bias to make the target response to an X (which would lead to a false alarm). The second bias is that participants expect to make a target response after they see an A cue, because most of the time an X follows the A cue. However, on trials in which the A is not followed by an X (i.e., AY trials, where Y refers to any non-X probe), this predictive aspect of context actually creates the tendency to false alarm. Thus, intact representation of context hurts performance on AY trials, because context induces an invalid expectancy, leading to worse AY than BX performance. In contrast, individuals with impaired context processing should show worse BX than AY performance. In other words, individuals with impaired context processing should show worse BX performance, but better AY performance, than individuals with intact context processing. Intact context processing should also help AX (target) trial performance in that the A context is available to guide correct target responses to a subsequent X. Again, however, individuals with impaired context processing should also show impaired AX performance, as the A context should be less available to guide responding to a subsequent X. The AX-CPT task also provides a way to look at the maintenance of context information by manipulating the delay between the cue and probe. When the cue-probe delay is lengthened (e.g., 5 s as compared with 1 s), context must be actively maintained within working memory (supported by the prefrontal cortex in this and other theories of working memory function). A prediction of the context-processing theory is that the effect of delay interacts with performance on AY and BX trials. When context can be maintained, the strength of context representations should stay the same or increase with delay. If so, BX performance should stay the same or improve at longer delays, whereas AY performance may get worse, as the context representations are available over the delay to guide processing (perhaps even more strongly so than at shorter delays). In contrast, if context maintenance is impaired, then BX performance should get worse with delay, but AY performance should actually improve.
A number of prior studies have provided support for the hypothesis concerning context-processing deficits in schizophrenia. For example, behavioral studies have found selective patterns of performance deficits among patients with schizophrenia on tasks specifically designed to measure context processing (Barch, Braver, Cohen, & Servan-Schreiber, 1998; Barch et al., 2001 Barch et al., , 2003 Cohen et al., 1999; Cohen, Targ, Servan-Schreiber, & Spie-gel, 1992; Condray, Steinhauer, Cohen, van Kammen, & Kasparek, 1999; Javitt, Shelley, Silipo, & Lieberman, 2000; Niznikiewicz et al., 1997; Servan-Schreiber et al., 1996; Stratta, Daneluzzo, Bustini, Casacchia, & Rossi, 1998; Stratta, Daneluzzo, Bustini, Prosperini, & Rossi, 2000; Titone, Levy, & Holzman, 2000) . Further, a number of studies have shown that individuals with schizophrenia show an increase in context-processing deficits at the long as compared with the short delay Elvevag, Duncan, & McKenna, 2000; Javitt et al., 2000; ServanSchreiber et al., 1996; Stratta et al., 1998 Stratta et al., , 2000 , though some studies have not (Barch et al., 2001 (Barch et al., , 2003 MacDonald et al., in press; Perlstein, Dixit, Carter, Noll, & Cohen, 2003) . It is interesting that studies with individuals who have chronic schizophrenia typically do find worse performance at a long compared with a short delay Elvevag et al., 2000; Javitt et al., 2000; Servan-Schreiber et al., 1996; Stratta et al., 1998 Stratta et al., , 2000 , though a few such studies have also found such a worsening of performance among controls Javitt et al., 2000) . In contrast, studies with individuals early in the course of illness tend not to reveal greater impairments at a long compared with a short delay (Barch et al., 2001 (Barch et al., , 2003 MacDonald et al., in press) or have at least found smaller increases as a function of delay than in studies with chronic patients (Javitt et al., 2000) .
Further, unaffected siblings of patients with schizophrenia also demonstrate a selective deficit in context processing (MacDonald, Pogue-Geile, Johnson, & Carter, 2003) , which suggests that such deficits are associated with liability to schizophrenia. Research has provided some evidence for specificity to schizophrenia, in that individuals with nonpsychotic major depressive disorder do not show the same pattern of performance deficits seen in schizophrenia . In contrast, individuals with nonschizophrenia psychotic disorders do have context-processing deficits similar to individuals with schizophrenia during acute psychotic episodes. However, these context deficits seem to resolve as psychosis abates in psychotic individuals without schizophrenia, but not in individuals with schizophrenia (Barch et al., 2003) . Such results suggest that context-processing deficits are at least somewhat traitlike, consistent with the hypothesis that they are associated with liability to schizophrenia (but more statelike in other psychotic disorders). In terms of DLPFC activity, both medicationnaive, first-episode patients with schizophrenia (Barch et al., 2001) and chronically medicated patients with schizophrenia Perlstein et al., 2003) demonstrate impaired DLPFC activation associated with impaired context processing, whereas psychotic individuals with disorders other than schizophrenia do not show the same impairment in DLFPC activity (MacDonald et al., in press ). In sum, this body of research suggests that individuals with schizophrenia have deficits in context processing associated with disturbed DLPFC function, that such context-processing deficits show some evidence of traitlike stability in schizophrenia, and that such deficits in context processing may also be present in individuals at risk for schizophrenia.
The research reviewed above suggests that individuals with SPD should also display deficits in context processing if they have susceptibility factors for schizophrenia. Few studies in SPD have been specifically designed to determine whether individuals with SPD have a disturbance in context processing. However, Niznikiewicz et al. (1999 Niznikiewicz et al. ( , 2002 have shown that individuals with SPD demonstrate increased N400s to congruent sentence endings or related words in semantic priming paradigms, which suggests that the SPD individuals are not able to use the prior context (e.g., sentence or word) to prime or bias ongoing processing. Also consistent with the hypothesis that individuals with SPD may show context-processing deficits similar to those found in schizophrenia is the finding that amphetamines improve working memory and executive function in SPD (Kirrane et al., 2000; Siegel et al., 1996) . As described previously, the context hypothesis suggests that a range of cognitive deficits in schizophrenia is associated with disturbances in DLPFC function because of reduced dopaminergic tone. Therefore, improvement of context-related cognitive function with agents that augment dopamine function in both SPD individuals (Kirrane et al., 2000; Siegel et al., 1996) and medicated patients with schizophrenia (Gold, Carpenter, Randolph, Goldberg, & Weinberger, 1997) is consistent with the contextprocessing hypothesis.
The goal of the current study was to further examine the hypothesis that SPD is part of the spectrum of schizophrenia-related disorders. To do so, we examined whether individuals with SPD have deficits in context processing that are similar to those found in individuals with schizophrenia, In addition, we examined how performance on tasks tapping context processing in SPD is related to performance on other tasks of working memory and inhibition also commonly found to be impaired in individuals with schizophrenia. We administered three versions of our AX-CPT task to a sample of individuals with SPD and a sample of healthy controls. The first version of the AX-CPT was our standard version. We predicted that individuals with SPD would show contextprocessing deficits similar to those found in schizophrenia, including impaired BX performance combined with improved AY performance, an effect that should be augmented with a delay. The second version of the AX-CPT was an interference version designed to challenge the ability to maintain context. We predicted that the addition of interference should make it more difficult for controls to represent and maintain context, potentially leading them to perform more similarly to the SPD participants (i.e., increasing their BX errors but not their AY errors; Braver, 1997; Braver, Satpute, Keys, & Racine, in press ). For the SPD individuals, we predicted that the addition of interference would make their performance worse but would not qualitatively change their performance pattern, as interference should simply augment an existing deficit in context processing. This latter hypothesis (e.g., quantitative but not qualitative change as a function of interference) is suggested by previous computational modeling work. The third version of the AX-CPT was a "degraded" version that was designed to control for task difficulty. We predicted that the addition of degradation should make overall performance worse for both controls and individuals with SPD (i.e., making all error types worse) but should not qualitatively change the pattern of performance for either group (Braver, 1997; Braver et al., in press ). Last, we also examined the relationship between performance on tasks specifically designed to assess context processing and performance on tasks assessing other domains (i.e., working memory; e.g., an N-back working memory task; and selective attention; e.g., the Eriksen Flanker Task) thought to be dependent on context processing, as described above. We predicted that deficits on the context-processing tasks would be correlated with deficits on the working memory and selective attention tasks among individuals with SPD.
Method

Participants
Participants were 35 healthy controls and 26 individuals with DSM-IV SPD. The individuals with SPD were recruited either from the outpatient clinics at the Mount Sinai Medial Center and Bronx Veterans Affairs Medical Center, by advertisements in the local newspaper, or by referral from psychiatrists and psychologists in the local community. None of the SPD individuals was taking antipsychotic medications at the time of testing. The healthy controls were recruited from the local community through newspaper advertisements. Participants were excluded for (a) lifetime diagnosis of substance dependence or substance abuse disorder within 6 months of testing and (b) a positive urine toxicology screen. SPD and healthy control participants were assessed for Axis I psychopathology with the Structured Clinical Interview for DSM-IV (First, Spitzer, Gibbon, & Williams, 1995) , administered by an experienced rater who did not know the participants' cognitive task performance. In addition, participants were assessed for Axis II pathology with the Structured Interview for the DSM-IV Personality Disorders (Pfohl, Blum, & Zimmerman, 1995) . When possible, an individual close to the participant was also interviewed to provide additional information. Consensus diagnoses were reached in a meeting of all raters with an expert diagnostician (Jeremy M. Silverman;
ϭ .73 for SPD). SPD individuals were excluded if they met criteria for an Axis I psychotic disorder or for Bipolar 1 disorder. Healthy controls were excluded if they had either a personal or a family history of any Axis I disorder or a personal history of an Axis II disorder. The groups differed significantly on age, t (59) 
Tasks and Apparatus
AX-CPT tasks. Participants performed three conditions of the AX-CPT: baseline, interference, and degraded. In all three conditions, sequences of letters were visually presented one at a time in a continuous fashion on a computer display (see Figure 1A ). Participants were instructed to make a positive response on target trials and a negative response otherwise. Target trials were defined as a cue-probe sequence, in which the letter A appeared as the cue and the letter X appeared as the probe. The remaining letters of the alphabet served as invalid cues (i.e., cues that were not As) and nontarget probes (i.e., probes that were not Xs), with the exception of the letters K and Y, which were excluded because of their similarity in appearance to the letter X. Letter sequences were presented in pseudorandom order, such that target (AX) trials occurred with 70% frequency and nontarget trials occurred with 30% frequency. Nontargets were divided evenly (10% each) among the following trial types: BX trials, in which an invalid cue (i.e., non-A) preceded the probe; AY trials, in which a valid cue was followed by a nontarget probe (i.e., non-X); and BY trials, in which an invalid cue was followed by a nontarget probe. The delay between cue and probe was manipulated so that half of the trials had a short delay and half had a long delay. On short delay trials, the cue-probe interval was 1 s, and the intertrial interval was 4,900 ms. On long delay trials, the cue-probe interval was 5 s, and the intertrial interval was 1 s. Thus, the total trial duration was equivalent across conditions, providing a means of controlling for general factors that might affect performance (e.g., pace of the task, response frequency, total time on task). The task was presented in four blocks of 50 trials, all of which were either short (2 blocks) or long (2 blocks) delay trials, with the order of short and long delay blocks counterbalanced across subjects.
Stimuli were presented centrally, for a duration of 300 ms, in 24-point uppercase Helvetica font. Subjects were instructed to respond to both cue and probe stimuli, pressing one button for targets and another button for nontargets (cues were always considered nontargets). Responses were recorded on a specially constructed button box connected to the computer that recorded response choice and reaction time with 1 ms accuracy. For right-handed individuals, responses were made with the middle (nontarget, middle button) and index (target, right button) fingers of the right hand. For left-handed individuals, responses were made with the middle (nontarget, middle button) and index (target, right button) fingers of the left hand. Subjects were allowed a total of 1,300 ms from stimulus onset in which to respond. Responses slower than this limit were not recorded and elicited feedback (a bloop sound) as a prompt to increase speed. The task was run on Apple Macintosh computers, with PsyScope software used for stimulus presentation and data collection.
The baseline condition of the AX-CPT occurred exactly as described above. The interference and degraded conditions were identical to the baseline conditions except in the following respects (see Figure 1B) . The goal of the interference task was to place an additional challenge on the maintenance of context information by inserting distracting information during the time of context maintenance. In the interference condition, distractor letters appearing in a different color (white) were presented in addition to the cue and probe letters. Participants were required to respond to the distractors to ensure encoding (by pressing the nontarget button) but were instructed to otherwise ignore them when monitoring for targets. During the short delay trials, the distractors occurred in the intertrial interval. On the long delay trials, the distractors occurred during the delay between the cue and the probe. During the delay period of every interference trial, three distractors were presented in sequence, each with a duration of 300 ms and an interstimulus interval of 1,000 ms. The goal of the degraded conditions was to control for task difficulty by making the task as difficult (in terms of overall accuracy) for controls as the interference task, using a manipulation that should, in theory, not place a particular demand on context processing. In the degraded condition, we introduced visual degradation by randomly removing (at each presentation) 85% of the pixels that make up each of the letters in the stimulus set. This level of degradation was determined through pilot study to produce approximately 75% accuracy in naming single letters.
N-back task. The N-back task is a commonly used measure of working memory Casey et al., 1995; Cohen et al., 1996) that has been frequently shown to elicit performance deficits among individuals with schizophrenia and their unaffected relatives (Barch, Csernansky, Conturo, Snyder, & Ollinger, 2002; Callicott et al., 2000 Callicott et al., , 2003 Egan et al., 2001; Menon, Anagnoson, Mathalon, Glover, & Pfefferbaum, 2001; Perlstein, Carter, Noll, & Cohen, 2001) . Materials for the N-back task were similar to those used by Braver et al. (1997) . In the current study, participants observed letters presented on a computer screen one at a time, white against a black background. As seen in Figure 2 , there were three conditions: (a) zero back, (b) one back, and (c) two back. In the zero-back condition, participants responded to a single, prespecified target letter (e.g., X). In the one-back condition, the target was any letter identical to the one immediately preceding it (i.e., one trial back). In the two-back condition, the target was any letter identical to the one presented two trials back. Thus, working memory load was increased incrementally from the zeroback to the two-back condition. Stimuli were presented as single letters appearing centrally in 24-point Helvetica font, white against a black background, subtending a visual angle of approximately 3°. All consonants of the alphabet were used as stimuli with the exception of L (i.e., confused easily with the number 1) and W (i.e., the only two-syllable letter of the alphabet). Vowels of the alphabet were excluded. Stimuli were presented in a pseudorandom sequence of consonants, randomly varying in case to prevent participants from relying on strategies of perceptual familiarity for responding. Stimuli were presented centrally on a controlled computer display for 500 ms. The interstimulus interval was 2,500 ms. Targets were presented on 33% of the trials. Conditions were presented in blocks of 25 trials, with three blocks at each load level (zero, one, and two back) presented in a counterbalanced order. Signal detection indices (dЈ) were calculated for each condition (e.g., zero, one, and two back) as a measure of sensitivity to working memory load. In addition, reaction times during trials constituting hits and correct rejections were analyzed. The median for correct reaction times was calculated for each condition of the N-back task.
Eriksen Flanker Task. The Eriksen Flanker Task is a commonly used measured of selective attention (Botvinick, Nystrom, Fissel, Carter, & Cohen, 1999; Gratton, Coles, Sirevaag, Eriksen, & Donchin, 1988; ServanSchreiber, Carter, Bruno, & Cohen, 1998) . The materials used were similar to those used by Botvinick et al. (1999) . Participants were shown a rectangular box in the center of a computer screen, white on black. An arrow appeared in the center of the box pointing at fixation for 1,100 ms, followed by the stimulus for 100 ms, and then participants had 1,000 ms to respond. Stimuli were either congruent or incongruent letter strings. Congruent letter strings consisted of a row of five capital Ss (SSSSS) or Hs (HHHHH). Incongruent letter strings consisted of either an S flanked by Hs (HHSHH) or an H flanked by Ss (SSHSS). Participants had to respond with one finger if the center letter (placed in the location to which the arrow pointed) was an S and a different finger if the center letter was an H. Participants were presented with 200 trials, half of which were congruent and half of which were incongruent, with a randomly counterbalanced order for each participant.
Procedure
Participants were tested in a single testing session. Task order was counterbalanced across participants. Prior to performance of the first block of each task, standardized instructions describing the task appeared on the computer, and the experimenter answered any remaining questions regarding the instructions. Participants were asked to respond as quickly as possible to each stimulus while maintaining accuracy. One full block of trials was then performed as practice prior to administration of the experimental trials for that condition. This ensured that subjects understood the instructions and were performing the task appropriately.
Data Analysis
Data were analyzed with error rates (misses and false alarms), signal detection indices (dЈ), and reaction times (RTs) as the dependent measures of interest. RTs were examined for correct responses only, unless otherwise noted. For RTs, median responses were used to reduce the influence of outlier responses (Ratcliff, 1993) . For the signal detection measures, a correction factor was applied in cases of a perfect hit rate (1.0) or falsealarm rate (0.0), to allow an unbiased estimation of dЈ (Nuechterlein, 1991) . For the AX-CPT tasks, instead of the traditional computation of dЈ (i.e., using hits and all false alarms), dЈ was also computed by hits (e.g., correct AX responses) and just BX (highly context dependent) false alarms. This measure of signal detection may be more sensitive to context-processing deficits than the standard computation of dЈ that includes AY errors, as our theory predicts that a deficit in context processing should lead to more BX errors but fewer AY errors. If so, we may see smaller changes in dЈ as compared to dЈ context if the changes in BX and AY performance cancel each other out. This additional measure, hereafter referred to as dЈ context, has been used in previous AX-CPT studies to provide a more specific index of sensitivity to context Servan-Schreiber et al., 1996) .
Results
Standard AX-CPT
In the interest of space and because our hypotheses focus on group differences, we only focus on main effects of group or interactions with group in all of the analyses presented below. We analyzed the error and RT data from the standard AX-CPT using three-factor analyses of variance (ANOVAs), with group (control, SPD) as a between-subjects factor and both delay (short, long) and condition (AX, AY, BX, BY) as within-subject factors. The ANOVA on the error data (see Table 2 ) revealed a trend-level main effect of group, F(1, 59) ϭ 3.0, p ϭ .09, and a significant Group ϫ Condition interaction, F(3, 177) ϭ 3.7, p Ͻ .05. Planned contrasts indicated that, as predicted, the SPD individuals made more AX, F(1, 59) ϭ 4.5, p Ͻ .05, and BX errors than the controls, F(1, 59) ϭ 4.5, p Ͻ .05, but did not differ on AY errors, F(1, 59) ϭ 2.0, p Ͻ .15. Further, SPD individuals made significantly more BX errors than AY errors, F(1, 59) ϭ 6.9, p Ͻ .05, whereas healthy controls made more AY than BX errors. Contrary to our predictions, there was no further interaction among group, condition, and delay. Similar results were found with RTs. The ANOVA revealed a significant main effect of group, F(1, 59) ϭ 9.3, p Ͻ .01, with SPD individuals slower than controls. As predicted, there was a significant Group ϫ Condition interaction, F(3, 177) ϭ 8.3, p Ͻ .001. As expected, the SPD individuals were slower than controls for BX trials, F(1, 59) ϭ 17.2, p Ͻ .001, but not for AY trials, F(1, 59) ϭ 1.0, p Ͼ .30. Further, RTs for BX trials were slower than RTs for BY trials among SPD individuals, F(1, 59) ϭ 27.5, p Ͻ .001, but not among controls, F(1, 59) ϭ 2.2, p Ͼ .14. This suggests that the SPD individuals were less able to overcome the prepotent tendency to give the target response to X on BX trials, when this was the incorrect response. Again, there was no significant three-way interaction among group, condition, and delay. Last, we examined dЈ context, using a two-way ANOVA with group as a between-subjects factor and delay as a within-subject factor. There was a main effect of delay, F(1, 59) ϭ 8.2, p Ͻ .001, and a trend-level main effect of group, F(1, 59) ϭ 3.7, p ϭ .06, but no significant Group ϫ Delay interaction, F(1, 59) ϭ 0.6, p Ͼ .40. The SPD individuals showed a trend to have overall lower dЈ Note. Data are proportions of errors. RT ϭ response time; AX ϭ the letter A appeared as the cue, and the letter X appeared as the probe; AY ϭ a valid cue was followed by a nontarget probe; BX ϭ an invalid cue preceded a valid probe; BY ϭ an invalid cue was followed by a nontarget probe.
context than controls, but both groups showed lower dЈ context at the long as compared with the short delay ( ps Ͻ .05).
Interference AX-CPT
We analyzed the error and RT data from the interference AX-CPT using three-factor ANOVAs, with group (control, SPD) as a between-subjects factor and both delay (short, long) and condition (AX, AY, BX, BY) as within-subject factors. The error ANOVA (see Table 3 ) revealed no significant main effect of group, F(1, 59) ϭ 2.1, p ϭ .15, but a significant interaction between group and condition, F(3, 177) ϭ 5.3, p Ͻ .01. Similar to the standard AX-CPT, the Group ϫ Condition interaction reflected the fact that the SPD participants made significantly more AX and BX errors than controls ( p Ͻ .05) but actually showed a trend to make fewer AY errors ( p ϭ .08). In addition, when we collapsed across delay, we found that controls made significantly more AY than BX errors ( p Ͻ .05), whereas SPD participants made more BX than AY errors (though this finding was not significant). There was no significant three-way interaction among group, delay, and condition. The RT ANOVA (see Table 3 ) revealed no significant main effect of group, F(1, 59) ϭ 0.6, p ϭ .45, but a significant Condition ϫ Group interaction, F(3, 177) ϭ 2.7, p Ͻ .05. As can be seen in Table 3 , the Condition ϫ Group interaction reflected the fact that the SPD individuals tended to be faster than controls for AY trials but slower than controls for BX trials. As predicted, the RT difference between AY and BX trials was smaller for SPD participants than for controls. Last, we again examined dЈ context for the interference AX-CPT, using a two-way ANOVA with group as a between-subjects factor and delay as a within-subject factor. There was a main effect of delay, F(1, 59) ϭ 55.7, p Ͻ .001, and a main effect of group, F(1, 59) ϭ 6.8, p Ͻ .01, but no significant Group ϫ Delay interaction, F(1, 59) ϭ 0.6 p Ͼ .40. The SPD individuals had overall lower dЈ context than controls, but both groups showed lower dЈ context at the long as compared with the short delay.
Degraded AX-CPT
We again analyzed the error and RT data from the degraded AX-CPT using three-factor ANOVAs, with group (control, SPD) as a between-subjects factor and both delay (short, long) and condition (AX, AY, BX, BY) as within-subject factors. The error ANOVA (see Table 4 ) indicated a marginal main effect of group, F(1, 59) ϭ 3.5, p ϭ .07. It is interesting that the Condition ϫ Group interaction was only marginally significant, F(3, 177) ϭ 2.5, p ϭ .06, but the three-way interaction among condition, group, and delay was significant, F(3, 177) ϭ 3.1, p Ͻ .05. Post hoc contrasts indicated that the Condition ϫ Delay interaction was significant for SPD participants ( p Ͻ .01) but not controls ( p Ͼ .30). As shown in Table 4 , for controls, in the degraded AX-CPT task, AX and AY errors went up at the long delay, whereas BX and BY stayed relatively unchanged. In contrast, for SPD participants, AX errors increased at the long delay, but all other error types decreased. For RTs (see Table 4 ), the ANOVA revealed no significant main effect of group, F(1, 59) ϭ 2.7, p ϭ .10, but a significant Group ϫ Condition interaction, F(3, 177) ϭ 3.3, p Ͻ .05. As expected, the SPD participants were slower than the controls in the BX condition ( p Ͻ .05) but not in the AY condition ( p Ͼ .90). Last, we again examined dЈ context for the degraded AX-CPT, using a two-way ANOVA with group as a betweensubjects factor and delay as a within-subject factor. There was a main effect of delay, F(1, 59) ϭ 13.7, p Ͻ .001, and a main effect of group, F(1, 59) ϭ 5.9, p Ͻ .01, but no significant Group ϫ Delay interaction, F(1, 59) ϭ 0.9, p Ͼ .30. The SPD individuals had overall lower dЈ context than controls, but both groups showed lower dЈ context at the long as compared with the short delay. Note. Data are proportions of errors. RT ϭ response time; AX ϭ the letter A appeared as the cue, and the letter X appeared as the probe; AY ϭ a valid cue was followed by a nontarget probe; BX ϭ an invalid cue preceded a valid probe; BY ϭ an invalid cue was followed by a nontarget probe.
Interference Versus Degradation
We had hypothesized that the addition of interference during the cue and the probe in the long delay condition should make the performance of controls more similar to that of the SPD patients by specifically interfering with the ability to represent context. In contrast, we had predicted that degradation should have a more general effect on making the task more difficult (potentially increasing errors of all types) but should not elicit a performance pattern akin to that of SPD individuals. This hypothesis predicts that we should see an interaction among task type (standard, interference, degradation), delay (short vs. long), and condition (AX, AY, BX, BY) in controls, such that BX errors go up from the short to the long delay in the interference task but not in the standard or degraded AX-CPT. In addition, we should find that AY errors stay the same or even decrease from the short to the long delay in the interference condition. In contrast, we did not predict any such interaction in SPD individuals. Neither the addition of interference nor the addition of degradation should qualitatively change the pattern of AY and BX errors in SPD individuals, as the addition of interference should simply augment these individuals' existing deficits in context representation and the addition of degradation should only tend to increase the overall levels of errors but not change the relationships of condition type and delay among SPD individuals. To test these hypotheses, we conducted threefactor ANOVAs separately within each group, with task (standard, interference, degraded), delay (short, long), and condition (AX, AY, BX, BY) as within-subject factors. As predicted, we found a significant three-way interaction among task, delay, and condition among the controls, F(6, 198) ϭ 2.6, p Ͻ .05, but not among the SPD individuals, F(6, 150) ϭ 1.7, p Ͼ .10. As predicted, among controls, BX errors increased significantly from the short to the long delay for the interference task ( p Ͻ .001) but not for the degraded AX-CPT ( p Ͼ .95). These analyses provide some evidence that the addition of interference had a specific effect on the relative pattern of AY versus BX errors, whereas the addition of degradation had a more generalized effect on errors rates.
The N-Back Task
We analyzed the error and RT data from the N-back task using a two-factor ANOVA with group as a between-subjects factor and condition (zero back, one back, two back) as a within-subject factor. This ANOVA revealed main effects of group, F(1, 59) ϭ 13.6, p Ͻ .001, and condition, F(2, 118) ϭ 74.3, p Ͻ .001, as well as a significant Group ϫ Condition interaction, F(2, 118) ϭ 16.5, p Ͻ .001. As can been seen in Table 5 , the groups did not differ in the zero-back condition but differed in both the one-back and the two-back condition. Thus, the group differences in accuracy increased as the working memory load increased. The RT ANOVA did not find a significant main effect of group, F(1, 59) ϭ 0.2, p ϭ .70, or a significant Group ϫ Condition interaction, F(1, 59) ϭ 0.2, p ϭ .80.
The Eriksen Flanker Task
The error and RT from the Eriksen Flanker Task were analyzed with two-factor ANOVAs, with group as a between-subjects factor and condition (congruent, incongruent) as a within-subject factor. The error ANOVA revealed no significant main effect of group, F(1, 59) ϭ 2.5, p ϭ .12, and no significant Group ϫ Condition interaction, F(1, 59) ϭ 2.3, p ϭ .14. As can be seen in Table 5 , the SPD participants were less accurate than controls in the incongruent condition, but this difference did not reach significance. The RT ANOVA revealed a significant main effect of group, F(1, 59) ϭ 5.0, p Ͻ .05, but no significant Group ϫ Condition interaction, F(1, 59) ϭ 0.0, p ϭ .90.
Cross-Task Correlations
As discussed in the introduction, we have argued that deficits in context processing should contribute to deficits in a number of Note. Data are proportions of errors. RT ϭ response time; AX ϭ the letter A appeared as the cue, and the letter X appeared as the probe; AY ϭ a valid cue was followed by a nontarget probe; BX ϭ an invalid cue preceded a valid probe; BY ϭ an invalid cue was followed by a nontarget probe.
different domains, including working memory and inhibition. Thus, we predicted that performance on the context-processing tasks should be correlated with performance on the working memory and selective attention tasks, potentially more so in the SPD participants than in the controls. As shown in Table 6 , the correlations were strong among performance on the context-processing tasks, the working memory tasks, and the selective attention task. To a certain extent, the controls also showed such cross-task correlations. To compare the magnitude of the correlations across the SPD and control participants, we used Fisher's r-to-z transformation. As hypothesized, performance on the standard AX-CPT (dЈ context) was more strongly correlated with N-back performance (one-back condition) among SPD participants as compared with controls (z ϭ 2.50, p Ͻ .01). There was also a trend for performance on the standard AX-CPT to be more correlated with Eriksen incongruent errors among SPD participants as compared with controls (z ϭ 1.50, p ϭ .07). Performance on the interference AX-CPT was also more strongly correlated with Eriksen incongruent errors among the SPD patients as compared with controls, (z ϭ 1.81, p Ͻ .05). It is interesting that performance on the N-back (two-back condition) was more strongly correlated with Eriksen incongruent errors among SPD participants as compared with controls (z ϭ 1.82, p Ͻ .05).
Discussion
The goal of the current study was to further examine the hypothesis that SPD is part of the spectrum of schizophrenia-related disorders by determining whether individuals with SPD show context-processing deficits similar to those found in individuals with schizophrenia. Consistent with our hypothesis, we found that individuals with SPD demonstrated similar deficits in the ability to represent context information and to use it to guide responding. However, unlike in individuals with schizophrenia, we did not find that such deficits extended to disturbances in the ability to maintain context representations over a delay. We also found that individuals with SPD demonstrated deficits on a working memory tasks but not on a selective attention task. However, as predicted, performance across task domains was strongly correlated in SPD individuals, in some cases more so than in controls. These results and the implications for the nature of cognitive function in SPD are discussed in more detail below.
We had hypothesized that if SPD was part of the spectrum of schizophrenia-related disorders, then individuals with SPD should show deficits in context processing similar to those found in individuals with schizophrenia. The results provide evidence consistent with this hypothesis. Specifically, the individuals with SPD demonstrated a pattern of increased BX errors and RT in comparison with the controls, combined with the same or even decreased AY errors and RT. This is the same pattern of BX versus AY errors shown by individuals with schizophrenia as compared with controls. This pattern is particularly compelling in that the contextprocessing hypothesis predicts the occurrence of both worse and better performance compared with controls as a function of a specific type of cognitive deficit. Such results provide evidence consistent with the hypothesis that context-processing deficits are traitlike deficits associated with liability to schizophrenia. However, we found one potentially important difference between the performance pattern of the SPD individuals in the current study and the pattern we have seen in patients with schizophrenia in prior studies. Specifically, we did not find any strong evidence that context-processing deficits in the SPD individuals were worse when we introduced a delay between the occurrence of context and the need to use it. This lack of worsening during delay contrasts with the pattern we see in schizophrenia, where we and others frequently find that AY errors and RT go down or stay the same with delay but that BX errors and RT get worse with delay Elvevag et al., 2000; Javitt et al., 2000; ServanSchreiber et al., 1996; Stratta et al., 1998 Stratta et al., , 2000 . However, some studies, especially those with patients early in the course of illness, have not found such a worsening of performance with delay (Barch et al., 2001 (Barch et al., , 2003 MacDonald et al., in press; Perlstein et al., 2003) . The lack of worsening during delay among individuals with SPD could suggest that deficits in the ability to maintain context over time are specific to schizophrenia as compared with other disorders within the spectrum of schizophrenia-related illness. However, the fact that a worsening with delay is less apparent in first-episode individuals with schizophrenia suggests that this effect reflects differences in the severity of context-processing deficits, such that the more severe deficit present in individuals who have schizophrenia, particularly chronic forms, leads to a worsening with delay. It is interesting that prior research has produced a similar pattern (lack of worsening with delay) in other populations thought to share liability for schizophrenia but who do not yet have the illness. For example, MacDonald and colleagues found that the unaffected siblings of individuals with schizophrenia show a deficit in context processing, as indicated by increased BX errors and RT compared with controls but similar or decreased AY errors and RT. However, the siblings did not show a significant magnification of these deficits in comparison with controls as a function of delay, a result similar to that found in the SPD individuals in the current study. Taken together, these results suggest that it is important to further explore the relationships between representation and maintenance of context and their relationship to liability for schizophrenia and severity of the illness. The inclusion of the interference and degradation manipulation in our AX-CPT task provides some support for our ability to interpret increased BX errors combined with decreased AY errors as reflecting a specific deficit in context processing. Specifically, we had predicted that, among controls, the addition of interference between the context and the need to use it in the AX-CPT task should make the individuals perform more like the individuals with SPD in terms of the relationship between BX and AY errors. In contrast, we predicted that the introduction of degradation would have a global effect on increasing errors but would not lead to the specific pattern of AY and BX errors predicted by the context-processing hypothesis. To a certain extent, we found this predicted pattern in controls. In the interference version of the AX-CPT, the controls displayed a significant increase in BX errors from the short to the long delay. This did not occur in the degraded version of the AX-CPT, in which the controls showed an overall increase in errors of all types. We had not predicted that the interference or degraded version of the AX-CPT would qualitatively change the pattern of errors shown by SPD patients, as the interference would simply augment an already existing deficit in context processing. Again, this is the result we found, with SPD individuals showing overall more errors in both the interference and the degraded AX-CPT version but the same qualitative pattern of AY versus BX errors and RT as found in the standard version of the AX-CPT.
Our hypothesis regarding context processing in schizophrenia suggests that deficits in context processing contribute to disturbances in a wide variety of cognitive domains, including working memory and selective attention. Consistent with this hypothesis, we found that the SPD individuals displayed deficits on a working memory task (the N-back task) as well as on the contextprocessing tasks. However, the SPD individuals did not show significant deficits on the selective attention task, though the pattern of errors on the Eriksen Flanker Task was in the predicted direction. However, we did find strong correlations between performance on the AX-CPT tasks and both the working memory and selective attention tasks among the SPD individuals, and to a certain extent among the controls. It is interesting, however, that we also found that the magnitude of the correlation between performance on the standard AX-CPT and the working memory task was stronger in SPD individuals than controls, as well as the relationship between performance on the interference AX-CPT and the selective attention task. Although we expected context processing to be important for working memory and selective attention in both controls and individuals with SPD, it is interesting that at least some of these relationships appear to be stronger in SPD individuals. This is perhaps not surprising if one thinks that the presence of deficits in context processing increases variance in task performance and may help to reveal cross-task associations that are less apparent under better performance levels. However, such an interpretation needs to be moderated by the fact that error rates and variance were lower in controls, which may have reduced the ability to detect correlations.
In sum, the current results provide additional evidence consistent with the hypothesis that SPD is part of the spectrum of schizophrenia-related disorders and that context-processing deficits are associated with liability for schizophrenia. The individuals with SPD show specific deficits in context processing that are similar to those found in individuals with schizophrenia. However, we also found potentially important and interesting differences between the performance of individuals with SPD and the performance of individuals with schizophrenia, specifically in the domain of the maintenance of context. Further research is needed to determine the significance of these results and their implications for the relationship between SPD and schizophrenia. For example, it will be interesting to determine whether individual differences in the degree of context maintenance deficits in SPD might vary as a function of the severity of liability for schizophrenia.
